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Experiments on the transpiration method have been continued for 
various organic gases, using the capillary viscosimeter recently devised by 

the writer.(1) As described in the preceding paper air has been taken as 
standard substance, its viscosity being assumed to be equal to Millikan's

value 1823×10-7 at 23℃.; and the values for other substances have been

determined by relative measurement. Present work includes the measure-

ments for seventeen gases at temperatures ranging between 20° and 120℃.

and the computation of Sutherland's constants and molecular diameters 
for each of them. The gases used and their preparations are as follows: 

Ethane: obtained by the electrolysis of potassium acetate, thoroughly 
washed with potassium hydroxide solution, condensed and then repeatedly 
fractionated. 

Propane and isobutane: obtained by the action of Zn-Cu couple on 
dilute alcoholic solution of isopropyl- or isobutyl-iodide, condensed and 
fractionated. 

Normal butane: prepared by the action of sodium amalgam on ethyl-
iodide and purified by fractional distillation. 

Ethylene and propylene: obtained by dehydrating ethyl- or iso-

propyl-alcohol with hot concentrated phosphoric acid.
α- and β-butylene: obtained by the action of alcoholic potash on

n-butyl- or secondary butyl-iodide and puried by fractional distillation. 
ƒÁ-butylene: obtained by dg ehydrating tertiary butyl alcohol with hot 

anhydrous oxalic acid and purified by fractional distillation. 
Isoamylene (isopropyl-ethylene): obtained by the action of alcoholic 

potash on isoamyl-iodide prepared from Kahlbaum's isoamyl alcohol, shaken
with two volumes dilute gulphuric acid at 0℃. for two hours(2) and then

fractionated.

(1) This Bulletin, 4 (1929), 277. 
(2) Wischnegradsky, Ann., 190 (1878), 353.
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Acetylene: prepared from calcium carbide and water and purified 
after Vanino.(1) 

Allylene: obtained by the action of alcoholic potash on propylene-
bromide, precipitated as copper compound, regenerated by warm dilute 
hydrochloric acid and fractionated. 

Trimethylene: prepared by the reduction of trimethylene-bromide 
with zinc dust and alcohol, washed with potassium permanganate solution 
and fractionated. 

Methyl-ether: obtained by dehydrating methyl alcohol with hot con-
centrated phosphoric acid, alcohol vapour mixed having been absorbed with. 

phosphorus pentoxide. 
Methyl-chloride: obtained by the action of dry hydrogen chloride gas 

on the boiling mixture of methyl alcohol and zinc chloride, washed with 
dilute potassium hydroxide solution and fractionated. 

Methyl-bromide: obtained by heating the mixture of methyl alcohol, 

potassium bromide and dilute sulphuric acid, washed with water and 
fractionated. 

Sulphur-dioxide: taken from a steel bomb and dried with sulphuric acid. 
The gases hardly soluble in water were all thoroughly washed with 

water and dried with calcium chloride before distillation. 
The results of measurements are shown in the following tables. 

Sutherland's formula has been found to be applicable with satisfactory 
results for all gases. The viscosity values calculated by this formula are 

given in the third column. For the sake of comparison other observers' 
values are also cited, of which the figures with asterisk have been estimated 

graphically from original observed values,

Ethane.

(1) Vanino, "Handbuch d. praparativen Chemie," II, 2. Aufl., (1923). (
2) Vogel, Ann. Phys., 43 (1914), 1235. 

(3) Ishida, Phys. Rev., 21 (1923), 550.
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Propane.

Normal butane.

Isobutane.

(1) Klemenc and Remi, Monatsh. Chem., 44 (1923), 307. 
(2) Kuenen and Visser, Verhandet. Akad. Wetenschappen Amsterdam, 22 (1913), 336; 

Comm. Phys. Lab. Univ. Leiden, No. 138 a. 
(3) Ishida, loc. cit.
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Ethylene.

Propylene.

(1) Graham, Phil. Trans., 3 (1846), 673. 
(2) v. Obermayer, Wien. Ber., 71 [2a], (1875), 281. 
(3) Breitenbach, Ann. Phys., 5 (1901), 166. 
(4) Zimmer, Diss. Halle, (1911); Verhandl. dent. physik. Ges., 14 (1912), 471.
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α-butylene.

β-butylene.

γ-butylene.
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Isoamylene (Isopropyl-ethylene).

Acetylene.

Allylene.

(1) Vogel, loc. cit.
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Trimethvlene.

Methyl-ether.

Methyl-chloride.

(1) Graham, loc. cit. (2) Pedersen, Phys. Rev., 25 (1907), 225. (3) Loc. cit.
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Methyl-bromide.

Sulphur-dioxide.

(1) Graham, loc. cit. 
(2) Vogel, loc. cit. 
(3) Smith, Phil. Mag., [vi], 44 (1922), 508. 
(4) Trautz and Weizel, Ann. Phys., [4], 78 (1925), 305.
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Sutherland's constants C for various gases are said to be proportional 
to the critical point TK or the boiling point Ts expressed in absolute scale,

being equal to TK/1.12 according to Rankine(1) or to 1.47Ts according to

Vogel.(2) The above results show that the relations do not hold strictly 

and the discrepancy from the rules is often remarkable, as is seen from the 

next table.

Sutherland's Constants.

Mean free pathes (l) and collision diameters (σ) of molecules were

calculated by the kinetic theory of gases using the following equations, 

where u expresses mean velocity, M molecular weight and n the number of

molecules in one cubic centimeter, all referred to 0℃. and one atmospheric

pressure.

(1) Rankine, Proc. Roy. Soc. London, [A], 84 (1910), 181. 
(2) Vogel, loc. cit. 
(3) Landolt-Bornstein-Roth, "Physikalisch-chemische Tabellen," I, 5. Aufl., (1923).
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The next table contains the results of calculation:

The molecular diameters (ση) thus calculated from viscosity agree gene-

rally with those (σb) from van der Waals'b, deduced from critical data(1) as

is seen in the following table.

(1) Valentiner, Landolt-Bornstein-Roth, "Physikalisch-chemische Tabellen," I, 5. Aufl., 
(1923), 253; Pickerring, J. Phys. Chem., 28 (1924), 97.
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Molecular diameters.

The figures in the last column express the cube root of the molecular 
volumes at boiling points. These values shall be proportional to the actual 
diameters of molecules according to the theory of corresponding state and 
it seems to be actually the case. Indeed, if 10-8 be affixed to the figures in 
the last column, they express the actual dimensions of molecules. This 
result shows the molecular volumes at boiling points being about three 
times as large as the actual volume of molecules:

In conclusion. the writer wishes to express his cordial thanks to Prof. 
M. Katayama for this kind guidance and encouragement throughout this 

experiment. 

The Institute of Physical and Chemical Research. 

Hongo, Tokyo.


